Introduction
Metal atoms adsorbed on solid surfaces are important and interesting in many respects. They represent the very beginning of metal deposition, and their nucleation and growth behaviour determine the structure and properties of the modied surface. Such surfaces with monolayers of foreign metals often exhibit unique and interesting properties that are absent in unmodied bare surfaces. Growth of lead layers have received increasing attention in recent years, because the islands formed during growth are of a special uniform height (often referred to as a magic island) with at tops and step edges. This phenomenon has been observed during metal thin-lm growth in a few material systems such as Pb/Ni(111) [13] , Pb/Ni 3 Al(111) [4, 5] , Pb/Mo(110) [6, 7] , Pb/Cu(111) [810] , Pb/Si(111) [1021] , and has been interpreted in terms of quantum size eects (QSE) [2227] .
These studies indicate that, in the equilibrium distribution of island heights, some heights appear much more frequently than others. Magic preferred heights correspond to islands with a quantum well state far from the Fermi energy, while forbidden heights appear to be those that have a quantum well state close to the Fermi level. Until now, ultrathin lead layers deposited on the Ni(001) face have been studied in a few works [2831] .
However, those investigations were limited only to lead layers deposited at room temperature and were mainly concentrated below the rst Pb monolayer.
In the present paper there will be shown the results of investigating the structure and morphology of ultrathin Pb layers deposited on the Ni(001) face in ultrahigh vacuum at the substrate temperature ranging from 145 K to 900 K and coverage up to 5 ML. These results were * corresponding author; e-mail: k.j.krupski@warwick.ac.uk obtained with the use of the Auger electron spectroscopy (AES) and low-energy electron diraction (LEED).
Experimental
The measurements were carried out in a metal ultrahigh-vacuum chamber with the base pressure of Owing to the geometry of the system, it was possible during the deposition of lead on the sample surface, to record either the Auger peak heights under computer control for nickel M V V transition at 61 eV and lead N V V transition at 94 eV, or LEED patterns in the computer memory with the use of a CCD camera. The Auger peak height for nickel was corrected for the background, created by the secondary electrons in the low-energy part of the dN/dE versus electron energy curve. In our measurement, the adsorbate deposition is not interrupted for (1159) the recording of the Auger peaks. Thus the AES(t) plots are shown for a continuous growth of the deposited layer.
Results and discussion
Plotting the AES peak heights of the substrate and the adsorbate as a function of deposition time AES(t) plots enables the determination of the growth mechanism, as well as the monolayer formation [3337] . At a deposition temperature of T < 200 K, Pb on Ni(001) grows in the VolmerWeber (VW) [38, 39] mode, as shown by monotonic parts of the AES(t) plots for 61 eV nickel and 94 eV lead peaks (Fig. 1a) . For temperatures between 300 K ≤ T ≤ 600 K, the rst linear part of the AES(t) plots for Ni and Pb peaks can be observed, respectively ( Fig. 1b and c Curve 1 in Fig. 1b is calculated for FM growth using the formula described above, under the assumption that, at the (h S1 ; t 1 ) = (0.75; 375), point the rst lead layer is completed. Since the scatter of h S1 and t S1 values for particular AES(t) plots is not large for T ≤ 600 K, we will suppose further that the rst linear part of the curve corresponds to the formation of the rst layer (θ =
Further, the nonlinear shape of the AES(t) plots for temperature 300 K ≤ T < 600 K implies a three--dimensional (3D) growth mode (StranskiKrastanov (SK) mode [40] ). The AES(t) plot of the substrate calculated for layer-by-layer growth does not t the experimentally found AES(t) plot (curve 1 in Fig. 1b) .
For 600 K ≤ T ≤ 700 K, the AES(t) plots saturate after the rst two-dimensional lead layer completion (Fig. 1d) . For T > 700 K the equilibrium coverage with lead becomes smaller than 1 ML, and decreases with increasing temperature. This can be explained by the thermal desorption of the rst lead layer (Fig. 1e) . (Fig. 1d) . The same eect has been observed for the Pb/Ni(111) AES(t) plots [3] , demonstrating the similarity of the two adsorption systems. The reason for nonlinear signal from the Ni substrate in the initial stage of Pb deposition at T = 650 K could be the rearrangement of Pb atoms on the surface. The growth mode of one metal evaporated onto another is governed by the surface free energies, strain energies, and kinetics [41] . Thermodynamically, the growth mode of adsorption systems is determined by the surface free energies of the substrate γ s , the adsorbate γ a , and the interface energy γ i [41] . In general, if the interface energy (γ i ) is less than zero, the system is stabilized by intermixing, maximizing the interface between the adsorbate and the substrate atoms [42] . However, typically the interface energy γ i is not known. In addition, strain energy, owing to the atomic size mismatch (or the lattice constant mismatch) between the adlayer and the substrate atoms, can also induce intermixing at the surface [43] . This leads to a situation where the growth of the rst two-dimensional lead is also driven thermodynamically by the lower surface free energy of 
Conclusions
The AES results indicate that the growth of the lead layer on the Ni(001) face strongly depends on the substrate temperature.
For substrate temperature T < 300 K, the VW growth of the Pb is observed. Between 300 and 600 K, the SK growth mode is visible. For 600 K ≤ T ≤ 700 K, only rst two-dimensional Pb layer formation is found. Above 700 K desorption of lead atoms from the rst layer is observed. The ordered LEED patterns corresponding to p(1 ×1) and c(2 ×2) structures are observed.
